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© Filtration apparatus having stress relief groove. 

© A filtration apparatus (10) formed by ultrasonical- 
|y welding a top section (12) to a base section (14) 
with a filtration membrane (16) interposed there be- 
tween. One of the top section (12) or base section 
(14) has a plurality .of radially extending energy 
directors (18) and the other of the top section or 



base section has a circumferentially extending en- 
ergy director (20) in contact with the radially extend- 
ing energy directors (18) where ultrasonic welding is 
effected. The groove (30) converts some of the 
peeling load into tensile load. 
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BACKGROUND OF THE INVENTION 

This invention relates to a filtration apparatus 
which includes a filtration membrane and a mem- 
brane support. More particularly, this invention re- s 
lates to a filtration apparatus wherein a filtration 
membrane is positioned between a base section 
and a top section wherein the base section and top 
section are sealed together. 

Prior to the present invention, filtration appara- 10 
tus have been provided which comprise a filtration 
membrane positioned between a base section and 
a top section. Inlet means we provided for introduc- 
ing a liquid sample in the space between the top 
section and the base section and an outlet means 75 
is provided in the base so that liquid sample 
passes through the filtration membrane and is re- 
moved from the space and through the outlet. The 
membrane is sealed between the top section and 
base section in a manner to prevent liquid from by- 20 
passing the market. That is, sealing is effected so 
that all of the sample introduced through the inlet 
passes through the filtration membrane prior to 
passing through the outlet. These filtration appara- 
tus are utilized to filter solvents to remove par- 25 
ticulates which can cause plugging or contamina- 
tion of downstream equipment such as analytical 
equipment. These filtration apparatus also can be 
utilized to effect sterilization of conditioning of me- 
dium, growth factors, virus, protein column eluates 30 
or the like prior to biological assay. The membrane 
can be sealed to an internal peripheral surface of 
the base or the membrane can be sealed to both 
the top and the base and . between the two. The 
membrane can be heat sealed or solvent bonded 35 
to the base section as disclosed in U.S. patent 
4,501,663 or the membrane, can be ultrasonically 
welded between the base section and top section 
as disclosed for example in U.S. Patent 4,640,777. 
With prior art devices the weld is effective but only ao 
up to moderate pressures, for example between 
about 50 and 75 psi for polyethylene devices and 
between 75 and 100 psi for devices made from a 
polycarbonate - polyester melt alloy. 

Also, it has been proposed to utilize ultrasonic 45 
welding of a top section and a base section with a 
membrane positioned intermediate the top section 
and base section. Either the top section or base 
section is provided with an ultrasonic energy direct- 
ing means having a triangular cross section and 50 
which extends about the periphery of the top sec- 
tion or base section. The energy direction means 
focuses the ultrasonic energy to the periphery of 
the top on base section where the energy direction 
means contacts an opposing top or base section 55 
thereby to effect sealing about the periphery of the 
filtration apparatus. This results in adequate seal- 
ing. However the burst pressure is limited since the 



final bond is relatively inflexible so that it has 
limited capability of absorbing peel forces prior to 
bursting. 

Accordingly, it would be desirable to provide a 
filtration apparatus for clarifying or sterilizing liquids 
which is capable of withstanding high pressure in 
order to reduce the risk of apparatus failure during 
filtration. 

SUMMARY OF THE INVENTION 

In accordance with this invention, a base sec- 
tion and a top section which are joined together 
with a membrane interposed therebetween are pro- 
vided with a stress relieving means. The stress 
relieving means comprises a load redistribution 
groove positioned adjacent the joint line where the 
two sections are joined. Both the groove and the 
joint line extend about the entire periphery of the 
filtration apparatus. In use, when pressure is in- 
creased within fhe filtration apparatus, the top sec- 
tion and base section are expanded away from 
each other at the groove. This expansion advanta- 
geously converst some of the pressure force from 
a peel force to a tensile force at the joint line. The 
bond between the two sections is formed by ultra- 
sonic welding utilizing two sets of energy direction 
means. A first energy directing means is positioned 
on one of the top or base section and about the 
periphery of the top or base section and the sec- 
ond set of energy direction means comprises a 
plurality of energy directors extending radially on 
the opposing top or base section. The radially 
extending set of energy directors one in contact 
with and essentially perpendicular to the first en- 
ergy directing means during weldings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an isometric cross sectional view of a 
top section, a base section and a membrane for- 
ming the filtration apparatus of this invention prior 
to being welded together. 

Fig. 2 is a cross sectional view of the joined 
elements forming the filtration apparatus of this 
invention. 

Fig. 3 is a partial top view of a base section of 
this invention. 

Fig. 4 is a partial bottom view of a top section 
of this invention. 

Fig. 5 is a cross sectional view of the top 
section of Fig. 4 taken along line 5-5. 

Fig. 6 is a cross-sectional view of an alternative 
stress relieving means for the structure of this 
invention. 

Fig. 7 is a cross-sectional view of an alternative 
stress relieving means for this invention using two 
shields. 
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Rg 8 is a cross-sectional view of stress reliev- 
ing means for the structure of this invention which 
is free of shields. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

The filtration apparatus of this invention is 
formed by ultrasonically welding a top section and 
a base section each having a set of energy doc- 
tors positioned to that the sets of energy directors 
cross and contact each other during welding. In 
addition, a groove arrangement is provided adja- 
cent to and positioned radially inward of the energy 
directors. The two sections are ultrasonically weld- 
ed together so that least a portion of the energy 
directors is melted to effect the desired seal about 
the periphery of the filtration apparatus. A substan- 
tial portion of the groove remains open and free of 
material such as molten plastic produced during 
welding. The groove functions as a means for 
redirecting pressure force thereby to alleviate or 
reduce stresses on the welded seal during use o 
the filtration apparatus. The filtration apparatus of 
this invention are capable of withstanding higher 
internal pressures as compared to similar filtration 
.apparatus of the same size and materials which do 
not utilize cross energy directors and a load redis- 
-- tribution groove means. For example, in the struc- 
ture of this invention the mean burst strength of 
devices made from polyethylene is about 150 psi 
and for devices made from a polycarbonate-poly- 
. ester melt alloy is-about 250 psi. 
• . Referring to Fig. 1. the elements forming the 
filtration apparatus 10. of this invention areshown 
. prior to being welded together. The filtration ap- 
- paratus includes a top section 12, a base section 
14 and a filtration membrane 16 such as a micro- 
. porous membrane or an ultrafiltration membrane. 
The top section 12 includes radially extending en- 
: ergy direddrs 18 which extend about the enhre 
. . periphery of top section 12. The arrangement of 
radially extending energy directors 18 is besa 
shown in Figs. 4 and 5. Also, as shown in Figs. 3 
and 4, the top section 12 and the base section 14 
can be provided wtih passageways 19 or 21 wh.ch 
are defined by adjacent wedges 23 or 25. The 
base section 14 includes an energy director 20 
having a triangular-like cross -section which func- 
tions to direct ultrasonic energy to the region of the 
tip 22 and cause the polymeric material forming 
the bottom section to melt. Similarly, the radially 
positioned energy directors 18 have a triangular- 
like cross section so as to focus ultrasonic energy 
at the tip 24 and cause the polymeric material 
forming the top section to melt. The tips 22 and 24 
contact each other during welding and sufficient 
polymeric material from energy directors 18 and 20 
are melted to fill the voids 26 between energy 



directors 18 which is then subsequently solidified 
to form a leak-proof seal about the entire periphery 
of the filtration apparatus 10. It is to be understood 
that the position of the energy directors 18 and 20 
s can be reversed. That is, radial energy directors 
can be positioned on base section 14 and the 
peripheral energy director 20 can be positioned on 
the top section 12. In any event, the groove 30. is 
positioned adjacent peripheral energy director 20 
to either on top section 12 or base section 14. As 
shown in Fig. 1, the membrane 16 can extend into 
groove 30 to be sealed with molten polymenc 
material. In addition, the membrane 16 can be heat 
sealed to the peripheral portion 32 of base section 
,s 14 to form a desired seal. The shield 36 (Fig. 2) 
provides a means for controlling flow of molten 
polymeric so as to prevent its contact with the 
membrane 16, if desired. 

In order to obtain the desired sealing with the 
20 energy directors 18 and 20 to fill spaces 26. the 
height of the energy directors 18 typically is be- 
tween about 0.4 and 0.6 mm while the height of 
energy director 20 is larger than that of energy 
director 11 and typically is between about 0.6 and 

25 0.9 mm. 

Referring to Rg. 2 the filtration apparatus 10 of 
this invention is shown after ultrasonic welding has 
been effected. The molten plastic formed dunng 
welding extends into a portion of the path 37 
so formed between the shield 36 and the base section 
14 The groove 30 remains open and free of plas- 
tic The grooves permits expansion and contraction 
of the length between surfaces 38 and 40 when 
pressure changes occur within the open area 42 in 
35 filtration apparatus 10 when liquid enters inlet 11 
and is removed through outlet 13 (See Rgs. 1, 3 
and 4) This expansion and contraction redirects 
pressure force and reduce the stress at the weld 
44 between the top section 12 and the base sec- 
40 tion 14. Thus, the weld 44 is capable of retaining 
its integrity at increased internal pressures as com- 
pared with presently available designs wh.ch are 
devoid of such a pressure absorbing means. 

Referring to Fig. 6. an embodiment of this 
45 invention is shown wherein a shield is positioned 
on the same section as an energy director 20 
which extends about the entire periphery of the 
filtration apparatus. The shield 46 on base section 
14 extends into groove 48 of top section 12. A 
so second groove 50 is provided in base section 14. 
The membrane 16 is sealed between top section 
12 and base section 14. The grooves 48 and 50 
function in the manner described above to relieve 
stress during use of the filtration apparatus. The 
55 radially extending energy directos 18 and the pe- 
ripherally extending energy directors 20 are shown 
in dotted lines to represent their typical initial rela- 
tive heights. This depiction also is shown in Figs. 7 
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and 8. 

Referring to Fig. 7, the embodiment of this 
invention is shown utilizing two shields 52 and 54 
which extend respectively into grooves 56 on to 
section 12 and groove 60 on base section 14. The 5 
grooves 56 and 60 and shields 52 and 54 function 
in the manner described above. 

Referring to Fig. 8, the embodiment of this 
invention is shown which utilizes two grooves 62 
and 64 without shields. The gooves 62 and 64 w 
function in the manner set forth above. 

Claims 

1. A filtration apparatus formed from a top section 75 
having a first periphery sealed to a base sec- 
tion having a second periphery and a porous 
filtration membrane having a third periphery 
sealed to said base section, said porous filtra- 
tion membrane being positioned between said 20 
top section and said base section, 
said top section having a fluid inlet, 
said base section having a fluid outlet, 
means to seal said second periphery to 
said first periphery which comprises a first 25 
energy director extending about the entire cir- 
cumference of one of said top section or said 
base section and a plurality of second energy 
directors extending radially and in contact with 
said first energy director and located on the 30 
other- of said top section or said base section. 

and a groove on the top section or base 
section positioned adjacent to one of said first 
energy director or said second energy direc- 
tors. 35 

2. The apparatus of claim 1 wherein said first 
energy director is positioned on said base sec- 
tion. 

40 

3. The apparatus of claim 1 wherein said first 
energy director is positioned on said top sec- 
tion. 

4. The apparatus of any one of claims 1, 2 or 3 45 
wherein a shield extension is positioned be- 
tween said groove and said first energy direc- 
tors, said shield extending from said top sec- 
tion or said base section having said second 
energy directors. 50 

5. The apparatus of claim 1 wherein both of said 
top section and said bottom section include 
one of said grooves. 

55 

6. The apparatus of claim 5 wherein both of said 
top sections and said bottom sections include 
a shield which aligns with a groove in a section 



adjacent the section having said shield. 
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